Physics demonstrations have a rich history both in and outside the classroom. Evaluations of physics demonstrations have traditionally focused on their ability to facilitate comprehension and retention of information; however, John Dewey's theory of aesthetic experience allows us to instead examine them as meaningful interactions between demonstrators and audiences. In this work, we demonstrate the utility of aesthetic experience as a model for science communication by investigating an undergraduate student group that performs physics demonstrations at family science events. Using observations and interviews, we found that the performers were engaged in expressive acts alongside their intention to explain the physics content correctly. Thus, this work shows that the experience model of science communication has the ability to reveal the significance of these demonstrations and also may be applicable to many informal learning and public engagement interventions.
I. INTRODUCTION
Physics demonstrations have long been used in and out of physics classrooms to visually communicate concepts and phenomena. There are a vast number of resources documenting existing and popular demonstrations for many different physics topics, which are available to physics educators and the general public [1] . Many physics departments own significant numbers of demonstrations that have been bought from dedicated demonstration companies or built in house. The organization and upkeep of this equipment is often part of staff or faculty duties [2] . Some physics buildings also showcase corridor demonstrations that allow people to observe physics demonstrations through glass as many times or as long as they want, drawing out the experience and giving the person an element of control (like pushing a button to start a demonstration) [3] . Nationally, the Physics Instructional Resource Association (PIRA) has created a database of over 2500 demonstrations and holds sessions each year at the American Association of Physics Teachers (AAPT) conference [2] .
Physics demonstrations are also prevalent in public engagement about physics. One famous example is Richard Feynman demonstrating at a press conference the critical failure of O-rings in the NASA Challenger shuttle disaster [4] . Physicists and other individuals have had popular success centering physics discussions around demonstrations on television or Youtube, such as Dianna Cowern (aka "Physics Girl") [5] , and astronauts on the International Space Station [6] . A popular model of physics outreach embraced by physics departments are demonstration presentations, where physicists and physics students go out to the community or into schools and perform exciting demonstrations of physics phenomena. Programs like this are numerous all over the country (examples include the Physics Circus at University of Texas, Little Shop of Physics at Colorado State University, and the Physics Van at University of Illinois). They are also supported by efforts within both the American Physical Society (APS) and AAPT. For example the Office of Public Engagement for APS has put out a resource guide on doing "Physics on the Road" for public audiences [7] .
Research on Physics Demonstrations: Despite their ubiquity, the reasons physicists use demonstrations in both formal and informal educational environments are not as straightforward as might be presumed. Much of the research done on physics demonstrations focuses on either understanding and retention or on affect and attitude [8] [9] [10] For example, Crouch et al. used polling tools to assess student understanding and examined three different demonstration techniques: observation (which involved no student inquiry), prediction, and discussion (which both involved student predictions before the actual demonstration) [11] . Students who simply observed the demonstration could not explain the physics concepts behind the demonstrations any better than the students who did not see a demonstration at all. Students who were encouraged to predict and discuss the demonstrations ex-plained the physics better than both the control and observation group, but the difference was small. In a different study, Miller et al. conducted multiple choice and short answer surveys at the end of the demonstration and again at the end of the semester [12] . They concluded that it is very important for student understanding that students make predictions before the demonstration takes place, even if the prediction is incorrect. They also emphasized that students need to "correctly observe" the demonstration while it is happening.
Saviez and Shakerin focused on enthusiasm for physics learning [13] . They used interactions with fluid toys to help gauge student understanding of topics in physics relating to liquid, density, gases, and surface tension. They concluded that physics toys like these can be used to engage students and help them to become more enthusiastic about a physics topic. They also give students a medium to better understand their own understanding of physics and voice a physics topic using a concrete example. They suggested that this type of exercise is a more engaging way to understand a student's level of understanding and background than giving a test to assess understanding.
In each of these cases, the findings might not suggest physics demonstrations are vitally important to physics education. When considering the body of work done on demonstrations, we might conclude that though they may shift affect, they do little to increase understanding and retention. But this picture of demonstrations is not representative to the degree to which demonstrations are used and valued in and out of physics classrooms. Put simply, there must be more to demonstrations than this body of research suggests, or they would not play such a prominent role in formal and informal physics education. We assert that thus far, the research has failed to understand the role and value of demonstrations because it has sought to break the demonstration into its constituent parts (emotional response, content understanding, or retention) rather than examining the demonstration as a whole entity. In this paper, we draw on Dewey's theory of aesthetics to examine physics demonstrations holistically, as expressive objects.
II. DEWEY'S THEORY OF EXPERIENCE
To understand what happens during physics demonstrations, we draw on Dewey's theory of aesthetic experience [14] . Dewey describes an aesthetic experience, or an experience as something that has a sense of unity to it, and that leaves the person having the experience with a feeling of fulfillment or completion. An experience is significant because it holds meaning. Though meaning is central to Dewey's idea of experience, to suggest that an experience is meaningful is not necessarily to suggest that it is profound. Rather, an experience is rendered meaningful because we draw on our previous experiences as well as our interaction with the object with which we are engaged, and we attach meaning to that moment. Dewey also notes the cumulative and contextual nature of experiences: each experience holds a sense of continuity (it is shaped by all previous experiences) and is the result of an interaction with something in the world [15] . Similarly, while Dewey does suggest that these experiences change us, other scholars have attached greater importance to the idea of transformation as a consequence of experience, including physics educational environments [16] [17] [18] . However, in our interpretation of Dewey, more central than the notion of transformation in his discussions of experience is the idea that experiences are plentiful and ordinary. Dewey rejects the separation of art from other parts of life, describing the way an argument with a friend or a meal could be an aesthetic experience just as easily as an interaction with a work of art.
Physics Demonstrations as Expressive Objects: Dewey further describes the kinds of objects with which one has an experience as expressive objects, which are created through acts of expression. When someone has an encounter with an expressive object, they may (or may not) have an experience. For Dewey, expressive objects are not separate from the acts by which they were created, nor are experiences with these objects fully contained within the individuals having the experiences; rather they are an interaction between objects and the individual.
By re-characterizing physics demonstrations as objects of expression, we can unlock the value they have in informal physics education, revealing new opportunities for evaluation and development of demonstrations. This means demonstrations are connected to the process by which the demonstrators developed and performed them, but they are also subject to the processes by which audience members interpret and make meaning of them. They should be viewed, then, as links between the demonstrators and audiences that hold varied meanings for both. Rather than considering whether demonstrations are transformational or seeking evidence of their impact, then, researchers in informal physics education might benefit from seeking to understand the processes by which demonstrations are developed as acts of expression as well as the interactions presenters and audiences have with these expressive objects.
This paper is part of a larger research project [19, 20] to use Dewey's theories of experience and expression to develop new design and evaluation processes for informal science learning. In this pilot study of a group of undergraduate science students who develop and perform physics demonstrations, we use ethnographic observation and interviews to better understand demonstrations as objects of expression.
III. METHODS
The student group, which has approximately 30 members from various colleges and departments at a major university, has existed for 28 years. They conduct demonstrations in many contexts, such as elementary, middle, and high schools, special events, and local cultural centers like museums and churches. For this pilot study, we observed seven events, each hosted by between three and six students, in four different environments. During each event, the group would perform several demonstrations and invite audiences to participate in several hands-on activities. The first event we observed was at church event; the second, science night at an elementary school; followed by three events held throughout "Physics and Astronomy Day" at a local science center, and two events at the University's annual science festival. In addition to these observations, we conducted 12 interviews with presenters (pseudonyms are used below). Each interview was conducted after the event and lasted between 15 and 30 minutes. We also attempted to interview and obtain artifacts from audiences who had observed the demonstrations but collection proved difficult, and we did not collect enough data to reliably analyze.
We then used qualitative software (Atlas.ti) to analyze our data, which included field notes from our observations, photographs, videos of demonstrations, and audio recordings of interviews with demonstrators. The first author began by using open coding to analyse a subset of the interviews. The same author then re-coded these interviews, followed by the second author. These two passes helped refine initial codes and documented emergent themes and the relationships between them. After all three authors discussed the results, the first author then continued coding the interviews and the recordings and observations of the demonstrations. All three authors then discussed final codes and themes.
IV. FINDINGS
We found that two particular demonstrations were especially important to the demonstrators that we spoke with. The group referred to these as "Marshmallow Smashies" and "Bernoulli's Principle". Marshmallow Smashies is an example of a "hands on" activity, which interviewees distinguished from more performative demonstrations which they called "stage show." It is a variation of demonstration that illustrates the effects of air pressure by putting an object inside a glass container, evacuating the container with a pump, and observing what happens to the object while air is being removed and after air is let back in. In this version, the demonstrators added an interactive component by using marshmallows they had asked participants to decorate with faces. We observed the demonstration during science night at an elementary school, where families gathered and participated in the activity together. We also observed several groups present Bernoulli's Principle, a demonstration that shows that faster moving air passed over top of an object will reduce the air pressure above it, resulting in the upward rise of the object from unbalanced forces. The group describes this demonstration as a stage show and uses a leaf blower to levitate objects such as a beach ball. It was part of their repertoire at the church event, the physics and astronomy day event, and the science festival event.
For this paper, we draw primarily on our ethnographic observations. To capture the richness of these demonstrations as expressive objects, we provide excerpts from what Geertz calls thick description of the events [21] . These narrative accounts (see Figure 1 ) provide not only an account of what happened, but also provide background and context. Additionally, thick descriptions are imbued with the ethnographer's interpretations of meanings. Such a methodology has long been an important part of anthropological research, but may be new to physics education research. We suggest ethnographies and thick descriptions can be employed to help develop new ways of measuring the success of demonstrations and of informal science learning.
V. DISCUSSION
What we see in these thick descriptions illustrates Dewey's theory well: the expressive objects (the demonstrations) cannot be broken into their constituent parts; there is no list of criteria or outcomes that we can predict or describe. Further, we cannot break apart emotion, interaction, and knowledge. Instead, we can see the connections both between the presenters and their demonstrations and between the demonstrations and the audiences. These connective tissues are where we find meaning in science demonstrations. They neither simply excite audiences nor do they merely transmit information for understanding and later recall. Instead they are made up of moments, potentially aesthetic experiences, for both presenters and audience members, that are greater than the sum of the parts that can be identified using metrics of understanding and are richer than a simple emotive state, like excitement.
To analyze or evaluate these expressive objects, we can describe them in terms of their relationships to presenters and audiences. The thick description, as well as our interviews, reveal that the demonstrator made aesthetic decisions based on the objects, environment, and audience. Several presenters noted that Marshmallow Smashies was their favorite demonstration. Lilly suggested this was her favorite because it has "a 'Wow'-Factor" and is "very visually engaging which is so important, especially with younger audiences..." She went on to note that this is a demonstration that gets one of the largest reactions from the audience, which she finds exciting. Polly reflected on what the demonstration allowed her to do: "I am definitely the type of person, I like to do as much movement as possible and things as dramatically as possible. And I have this way that I do Marshmallow Smashies that is very big and loud and kids always love it." Their enthusiasm for Marshmallow Smashies is tied to their own experiences, as well as the way they perceive their audiences to experience it. Polly notes that the demonstration is suited to her personality and describes the way she expresses herself with the audience.
In presenters' accounts of the demonstrations, we also find evidence of audience members' experiences, and their relationship to the expressive objects. Sully describes one par-ticular presentation of Marshmallow Smashies as his favorite demonstration experience because, "as I was starting the explanation after the fact the kid actually finished it." At first glance, it might seem this is a moment of straightforward understanding, and that Sully's personal triumph stemmed from the audience member's ability to grasp the physics behind the demonstration. However, we suggest that the interaction transcended straightforward understanding. The child who finished Sully's sentence was moved to do so not just because she or he understood, but because that understanding held meaning. Though it isn't possible to know what was inside the child's mind, one could easily imagine that interaction was evidence of an aesthetic experience. The moment when the child spoke up was the moment they felt a sense of wholeness within the event, when the culmination of the expressive object sparked delight or satisfaction with the interaction.
In each demonstration of Bernoulli's Principle, the audience visibly and audibly reacts to the moments in which they've been asked to make a hypothesis, and subsequently are proven wrong. As Billy notes, "what sparks the most interest in the kids is when things go against their expectations." All of the demonstrators consistently encourage these "wrong" predictions and capitalize on the unexpected results. Sally also emphasizes the strangeness of the results, noting that she likes to say, "look how weird this thing that's going on actually is. Like, the beach ball is floating because the air [is flowing] above, not below, like it's not pushing up from above, it's the air pressure is supporting it. That's just crazy to me when I think about it!" By reflecting her own surprise and wonder about the outcome of Bernoulli's Principle, she is drawing on her own prior experiences and allowing them to shape the expressive object. The audience is able to respond with surprise and to revel in the unexpected. This, again shows evidence of audience experiences with expressive objects. It also shows how the presenter is connected to the expressive object and to the audience experience. Her explanation is not simply an explanation of a principle, but is an expression of her experiences.
VI. IMPLICATIONS
Our observations revealed that whether or not audiences understood the physical properties of the vacuum was largely beside the point, while any description of their emotions, including excitement, about the demonstration failed to capture what was happening. Instead, we find a co-mingling of emotion, interaction with the world (the object), reflection, and meaning making on both the part of the demonstrators and the audiences. For example, during Bernoulli's Principle, we cannot separate the knowing looks presenters give to suggest that what's going to happen is not what the audience thinks. They see that not only do marshmallows expand, but the faces children drew on them expand along, and that different audience members see and call out different aspects of the phenomenon, further shaping each others' potential experiences. The value of reimagining the way we describe demonstrations through the lens of Dewey's theory is that we can open up new ways of explaining and valuing what happens in demonstrations. This paper suggests the need for a new language by which we can speak about demonstrations as expressive objects that are imbued with meanings. Those meanings will not be identical for each of the presenters or participants involved, but meaning is tied to the expressive act and it expresses something about the world.
In this paper, we have suggested, using Dewey's theory of experience, that physics demonstrations are expressive objects. This recharacterization provides a first step toward a theory of informal science education as experience. Practically, because our analysis drew heavily on our thick descriptions as well as our interviews, we suggest these research methods are invaluable in revealing the meanings imbued in expressive objects. This work is supported by a Michigan State University S3 Grant.
